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MEMORANDUM REPORT

for the

Department of’.Commerce

TESTS OF A 1~0-SCAIJl WING-HULL MODEL AND A ‘l\10-SCALE

. FIUIAT-STR~ MODEL OF THE HUGHES-KAISER CARGO AIRPLANE

IN THE TWO-DIMENS1ONAL ~V/-TURBUIXNCE PRESSURE TUNNEL

By Relicien “F. Fullmer, Jr;
....

INTRODUCTION “

At the request of the Department of Comnerce, aero-
dynamic and hydrodynamic tests @ve been made of a 1~0-
scale wing-hull model and a l\10-scale float-strut model
of the proposed arrangement of the Hughes-Kaiser oargo
airplane. The aerodynamic tests were made in the NACA
two-dimensional low-turbulence pressure tunnel and the
results are presented in this report. The hydrodynamic
tests were made in the NACA tank and are being reported
separately.

The aerodynamic tests were made primarily to study
the drag characteristics of these models as originally
designed and to determine, if possible, how the proposed
designs could be improved. The investigation
accordingly included tests of these models as received
and after various modifications had been made. Some of
these modifications were made as the result of hydro-
dynamic tests at the NACA tank. Whenever practicable,
additional tests were made to study the lift.character-
istics of these models. The tests:of the wing-hull
model were made at a Reynolds number of approximately
22.5 million based on the model-hull .length of 62.25
inches. “The float-st~ut model was tested at a
Reynolds number of approximately 7 million based on the
model-float length of 28.00 inches.

MODEL9. . .

Wing-hull model.- The model arrangement tested is
shown in Igure in the original condition and in figure 2
with the added chine-flare strips as recommended by the
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NACA tank. The s an of the model was 36 inches (tunnel
7test-section width ; therefore, only the Inboard portion

of the wing (approximately 37.5 percent of the full span)
was modeled. The airplane wing tapers from an NACA
63(1L20)-321 root section to an NACA 65,3-~18 section at
the tip. The airplane hull was developed from and is
similar to the NACA model W-F hull. The wing and hull
were constructed of mahogany and all surfaces were
painted and sanded until aerodynamically smooth. ~ibr
some tests fillets made of modeling clay were added to
the model at the wing-hull junction. These fillets
were of the expanding-radius type and were very small
forward of the msxlmum thickness of the wing. At the
win trailing edge the fillet radii were 1 inch and

E0.5 3 inch’,. respectively, on the upper and lower wing
qurfaces. The fillets extended along the hull aft of
the intersection for a distance of 2.25 inches. The
sten fairings used for some of the tests were made of
modeling clay and extended approximately 8.5 inches aft
of the step. Roughness was applied to the hull by two
methods, first, by gluing number 50 thread around the
hull 3.1 inches aft of the bow and later by shellacking
0.012-inch Carborundum grains to the hull for a distance
of 3.1 Inches aft of’the bow.

Float-strut model.- The model arrangement tested
is shown In figure 3. The model was constructed of
mahogany; all the surfaces were painted and sanded until
aerodynamically smooth. fi%rthese tests the model was
attached to a 36-inch-chord airfoil in such a manner that
the strut leading edge, extended, intersected the
quarter-chord point of the wing for all angles of inci-
dence of the float. The 36-inch chord of the model
approximates, to the same scale, the chord of the air-
plane wing at the juncture of the wing and float strut.
The airfoil used was chosen onl because of’its avail-

fability and was an NACA 66,2-21 section. Figure l+(a)
shows the float-strut model and the 36-inch-chord
airfoil mounted in the test section. The wing was
mounted approximately 13 inches above the center line
of the tunnel so tlwt the float and lower portion of the
strut would be within the working limits of the wake-
survey mechanism. AS a result of tests in the NACA
tank, a spray strip was added, the step was removed, and
a cove was cut into the after section of the chine
(fig. k(b)).
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The” coeff’iclents
defined as follows:

SYMBOLS
.- ...

and symbols used In this report are

C%d

ACD

CDA

%4

%

q

AD

s

D=

%

A

a

af

the
the

%
model lift coefficient —

@M

airplane-drag-coefficient increments ~
qa

drag coefficients based on the maximum cross-
Dc - Dw

sectional area of the hull
qA

total lift on the model

wing area of the model

dynamic pressure of’air ($P@ )

drag of surveyed portion of the model scaled to
full size

total wing area of the airplane

drag of surveyed nortion of wing-hull co~blnation

drag of surveyed portion of the wing alone

maximum cross-sectional area of the hull

angle of attack of the model wing

pitch angle (angle of attack of the hull)

TEST METHODS

The lift coefficients were obtained by measuring
reaction of the lift on the floor and ceiling of
tunnel (reference 1). The lli’tdata are presented

as model lift coefficients
c%!”



The drag measurements were made by the wake-survey
method (reference 1). The drag data are nresented as
alrplsne-drag-coefficient increments ACD because the
differences In drag coeff:clent resulting from modlfl-
catlorlsof the &rran&ements represe~lt directly the
resulting chanCe in drag coef’f’icientof the actual
alrnlane. The value of this drag coefficient also
represents the contr~bution to the total airplane drag
coefficient or the nortlon of’the model surveyed.

Spanwise drag surveys were made ovell the central 20
Inches of the model span. By Intergratlng these survey
diagrams the airplane-drag-coefficient increments for the
wing-hull model were determined. TLe model wing area
surveyed corresponds to 28.2 percent of’the actual air-
plane wing area. A typical survey for one condition is
presented In figure 5. The section drag coefficients “
shown in this figure are based on the mean geometric
model chord of 15.72 inches.

The airplane-drag-coefficient Irlcrements for the
float-strut model were obtained by the lntegrati~g of
drag surveys made over the float and lower 12 Inches
of the strut.

To compare the drag coef~jcients for this model
with those of other hulls, the co!?l’fic!entswere also
based on the maximum cross-sectional area and are
presented as drag coefficients CD*.

RESULTS AND DISCUSSIO1~

Wirig-hullmodel.- The important lift data obtained
are presented in figure 6. Since m’nor modifications
to the hull had little effect on rl.elift characteristics,
these data are not presented. The i,lc:denceof the hull
1s shown to have an anpreclable ef’feetupon the angle of
zero 111.t,the slope, and the maxhmm lift coeff~cient.
These changes would have been rntichless if the total wing
area of the airnla~iehad been ren~mesenhed an the nodel.

The dra~ data for each model ~rr~~ement were
obtained at lift coefficients correspti:”.ciingapproxi-
mately to the expected high speed, cr+~:sing,and climb
conditions for the airplane. The drag data obt~ined are
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presented In f’igures7(a) and 7(b). A comparison
between these figures showsthat the step fairlng used
with wing incidence of 2° and Jo appreciably lowered the
drag coefficients of the model. The addition of wing
fillets reduced the dra

f
coefficients obtained with a

wing Incidence of 2° bu gave a small increase in drag
with the wing incidence increased to 4°. The increased
chine flare added to the model following hydrodynamic
tests caused a small Increase in the drag coefficients.
Doors, ”moorhg apparatus, and other protuberances would
be expected to prevent extensive Uuifnar flow over the
actual airplane hull; therefore, roiighhesswas added to
the model to determine the drag coefficients of the hull
with fixed transition. At a llft coefficient of 0.25,
cementing 0.012-inch Carborundum particles to the hull
Increased the drag-coefficient increment 9 percent at
Lo Incidence and gluing number 50 thread just aft of the
bow increased the drag-coefficient increment 5 percent .
at 7° incidence.

The differences between the values for the wing-hull
combination and those for the wing alone represent the
drag and interi’erence of the hull expressed directly as
airplane-drag-coefficient increments. These data are
chiefly remarkable for the unusually low drag increments
caused by the hull. This is clearly indicated in figure8
where a comparison of the drag coefficients (based on
the maximum cross-sectional area) shows that the Hughes-
Kaiser hull, a modified HACA model 84-F, with fixed
transition gave considerably lower drag coefficients than
were obtained with the NACA nmdel 8)+-F(reference 2) with
fixed transition. The more fa-horableresults indicated
by the present tests may be partially attributed to”
possible favorable interference between the wing and the
hul1. The Hughes-Kaiser hull with fixed transition gives
lower drag coefficients than other comparable NACA”hulls
(references3 and J) in a smooth condition and the
coefficients obtained with the hull in a snioothcondition
are much lower. . .

~Float-strutmodel.- The accuracy .of the lift data
obtained during the tests of this model was doubtful:
therefore, no lift coefficients are presented.

The drag data are presented in figure 9 f’orthe
three float settings tested. The afterbody step is
shown to cause an increase in drag for all three float
poaitlons. Changes in incidence of the float and strut
to the wing did not affect the drag coefficients to any
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appreciable extent. The addition of’the spray strip
and cove increased the drag of the model.

Tuft observations were made with and without the
step in the.afterbody and with the float keel line
paralled to the chord line of the wing. The results of
these tuft studies are presented in figures 10 and 11.
With the step in the afterbody of the float, the air flow
generally was steady except over the surface just aft of
the step. The flow over the bottom of the float just
aft of the step was separated. At a point midway along
the bottom aft of’the step the flow was intermittently
separated, Indicating that the air stream was closing
back into the surface. With no step in the afterbody,
the #’lowover the float was steady except near the rear
of the chine line. The air separated locally as it
flowed over the chine line, but returned to a steady
condition over the remainder of the float.

Wing-hull model.- The results show that, for the “
model tested, the incidence of the hull had an appreci-
able effect upon the angle of zero lift, the slop6, and
the maximum lift characteristics. Minor modifications
to the hull had little effect on the lift characteristics
of this model.

The model as originally tested showed unusually low
drag coefficients for all angles of incidence, and the
addition df a step fairing lowered these drag coefficients
7.5 percent. The addition of wing fillets caused only
small changes in drag. The added chine flare caused
small increase in the d’ragcoefficients of this model
in the high-speed conditton. A moderate increase in the
drag coefficients was obtained with transition fixed just
aft of”the bow.

Float-strut model.- The results show that changes.—
in incidence did not appreciably affect the drag coeffi-
cients of the model. An tncrease in drag-coefficient
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increment of over 30 percent was obtained with a step in
the afterbody of the float. The addition.of the spray
strips and the cove also caused an appreciable Inorease
in drag.

. .

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

Langley Field, Vs., September ~, 1943.
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Model dimensions

HodelSpem 36.00 inohea
Mean geometrlo model ohord 13.72
Hull length 62.25
Maximtnubemm
Mulmtm depth 4:$

~gure 1.- Drawing showing the arrangement of the 1~0-scale wing-hull model of the

NATIONAL ADVISORY

COMMITIEE FOR AERONAUTICS

Hughes-Ka18er Cargo Airplane.
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Figure2.- Photographshowingtheadded chine flare On the &-scale wing-hullmodel

oftheHughes-Kaisercargo airplane.
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Model dimenalona

Float 1cmgth ~.;fJ inahe8
Maximum beti
llaximmdepth 6:78
Averageohord of strut 1 .31
Strut.length 31 .31

‘l?@re3.- lWawln&●howlngthe arren&mentor the l/10-aoale float.strutmodel of the Hughes-Kaiaop

NATIONALAOVlmY

COMMI1lEE FORAERONAUTlti

Cargo Airplene.



(a) Float-strut model attached to 36-inch-chord
airfoil and installed in the tunnel.

1

(b) View showingfloat-strutwithspraystrip

Figure 4.’- Photographs of the ~-scale float -strut mcdel

and floatmodification.

and cove.

showing method of installation
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$ 2° ‘inckdenc.,=’itepfelrlngi
20 Incidened; atop fairing:

and”wing fillets.
V ho lnclderioo~’added ohine

flare. -
V‘ 4° in~ld~~~e, ,~dd~d ~hl~e

flare aridetep falring.
W /+0incidence, added chl,ne

flare and wing fillets,
step falring removed.?

~ 4° incidence bcw ronghened
with carbornddum, no
fllletS, fairlngs or
chine -flare.

A To lnoidence, bow roughened
with no. 50 thread, no
fillets, falrings or
chine flare.
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Mgure/U .- Tuft o.bservatlona of the l/10-scale float-strut model for the Hughea-
Alrplane; step in float afterbody; float Incidence Oo to wing chord; R, 7.0 x 10Piae~e%~g%T~9 ‘. .
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w NATIONAL ADVISORV
COMMITTEE FOR AERONAUTICS

Figure //.- Tuft obaervatlona of the l/10-scale float-strut model for the H
Airplane; no afterbody step; float Incidence 0° to wing chord; R, 7.0 x 10Pe8~%8e&~%. s .
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